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Abstract 
This paper presents an overview of the Indonesian Seismic Code SNI 1726:2012 design response spectra, by taking 
sampling of 60 cities from the West to the East parts of Indonesia. 
 
It shows that all cities located in high seismic regions have an anomaly characteristic, where the design response 
spectra of Site Class SE (Soft Soil) is less than that of Site Class SD (Medium Soil), or even less than that of Site 
Class SC (Hard Soils), contrary to what Structural and Geotechnical Engineers think so far, that the design response 
spectra of Site Class SE is always higher than that of Site Classes SD and SC. 
 
The information in this paper can be very useful for structural designers, since the construction industry will spread 
out all over Indonesia, especially in the Eastern parts. 
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1. Introduction 
It has been four years since the Indonesian Seismic Code SNI 1726:2012 was released to be used in the Indonesian 
construction industry. From the structural design standpoint, in order to get a sense of “feel”, it might be more useful 
if the design response spectra can be “mapped” in a city basis. Therefore, sixty cities spread “from Sabang to 
Merauke” were chosen and presented in this paper to illustrate the design response spectra all over Indonesia. 
From an overview to the results, and also based on some structural design work experiences of several projects 
located in high seismic regions, an anomaly in the design response spectra was found. 
Basically, it has become an understanding and a mindset to most Structural and Geotechnical Engineers that the 
design response spectrum increases successively for Site Classes SC (Hard Soil), SD (Medium Soil) and SE (Soft 
Soil). In other words, the softer the soil the higher the response spectrum will be. This understanding was clearly 
adopted and shown in the previous Indonesian seismic codes, SNI 1726-1989 [6] and SNI 1726-2002 [5]. 
With this mindset, when designing buildings located at Site Class SE (Soft Soil), many Geotechnical Engineers 
were requested by the Structural Engineers to perform a Site Specific Response Analysis for their projects, with a 
hope that the design response spectrum can be "upgraded" to be that of Site Class SD (Medium Soil) or close to it. 
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The resulting structural designs then become "not unusual" and can be "within the budget”. This practice does not 
only occur in the design of high-rise buildings, but also occurs in the design of medium and low-rise buildings with a 
large scale. 
Nevertheless, it is not completely true in the recent Indonesian seismic code, SNI 1726: 2012 [7], which adopted 
ASCE 7-10 [1] using 2 seismic maps. One map is to specify the spectral response acceleration parameters at short 
period (SS), which represents low-rise buildings; and the other is to determine the spectral response acceleration 
parameters at 1-second period (S1), which represents the high-rise buildings. With the values obtained from those 
seismic maps, especially for high seismic areas with the value of SS above 0.75 g, the design response spectra of the 
Site Class SE (Soft Soil) may be lower than that of the Site Class SD (Medium Soil), even most of them can be lower 
than that of Site Class SC (Hard Soil). This phenomenon certainly seems like an anomaly to the "rule of thumb" that 
has existed over the years. 
Although actually the one having an anomaly is the parameter of spectral response acceleration at short period (SS), 
so it is likely only affects the low-rise buildings, but eventually it will impact to the high-rise and the medium-rise 
buildings as well, due to the provision of Minimum Base Shear in the SNI 1726: 2012. 
2. Site Coefficients Fa and Fv 
It should be noted that the SNI 1726: 2012 provides two seismic maps which are based on the value at the bedrock 
level (Site Class SB). Reaching to the surface of the ground, this value will experience an amplification in accordance 
with the soil conditions of the sites: Hard (SC), Medium (SD) or Soft (SE), by multiplying it by the Site Coefficient 
Fa and Fv (Table 1 and Table 22), where Fa is for a short period spectral response acceleration and Fv is for 1-second 
period spectral response acceleration. 
Table 1. Site Coefficient Fa 
Site Class 
Mapped Risk-Targeted Maximum Considered Earthquake (MCER) Spectral Response Acceleration 
Parameter at Short Period 
SS ≤ 0.25 SS = 0.5 SS = 0.75 SS = 1.0 SS ≥ 1.25 
SA 0.8 0.8 0.8 0.8 0.8 
SB 1.0 1.0 1.0 1.0 1.0 
SC 1.2 1.2 1.1 1.0 1.0 
SD 1.6 1.4 1.2 1.1 1.0 
SE 2.5 1.7 1.2 0.9 0.9 
SF Site-Specific 
Table 2. Site Coefficient Fv 
Site Class 
Mapped Risk-Targeted Maximum Considered Earthquake (MCER) Spectral Response Acceleration 
Parameter at 1-second Period 
S1 ≤ 0.1 S1 = 0.2 S1 = 0.3 S1 = 0.4 S1 ≥ 0.5 
SA 0.8 0.8 0.8 0.8 0.8 
SB 1.0 1.0 1.0 1.0 1.0 
SC 1.7 1.6 1.5 1.4 1.3 
SD 2.4 2.0 1.8 1.6 1.5 
SE 3.5 3.2 2.8 2.4 2.4 
SF Site-Specific 
It appears in Table 1, for SS ≤ 0.25 g and SS = 0.5 g, the Site Coefficient Fa has a tendency to increase from the 
bedrock (SB) to the Soft Soil (SE). For SS = 0.75 g, Fa increases from the bedrock (SB) to the Medium Soil (SD), then 
keeps the same values to the Soft Soil (SE). For SS = 1.0 g, Fa values at the bedrock (SB) and at the Hard Soil (SC) 
are the same, then increases to the Medium Soil (SD) and experiences de-amplification at the Soft Soil (SE). While 
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for SS ≥ 1.25 g, Fa tends to be flat from the bedrock (SB) to the Medium Soil (SD) and then gets de-amplification to 
the Soft Soil (SE). 
Meanwhile, the Site Coefficient Fv has a different behavior. As shown in Table 2, the values of Fv are constantly 
amplified from the bedrock (SB) to the Soft Soil (SE), and tend to decrease as the value of S1 goes up. 
From these observations, it is clear that the cause of the design response spectrum anomaly is the Site Coefficient 
Fa that possesses a nature to be de-amplified at high spectral acceleration (earthquake-prone areas). 
Notice that this phenomenon has been revealed long ago. Research of Seed (1976), Mohraz and Elghadamsi 
(1989), Idriss (1990) [3, 4] shows the response spectrum de-amplification case occurs on Soft Soil in areas with high 
spectral acceleration. It has also been adopted by UBC [12], IBC [2] and ASCE 7 [1] since a long time ago, but 
unfortunately, it was missed to be adopted in the SNI 1726-2002 which refers to 1997 UBC. 
3. Design Response Spectra of 60 Cities in Indonesia 
In order to observe the behavior of the design response spectra, 60 cities scattered throughout the territory of 
Indonesia were selected. The names of the selected city are presented in Table 3, Column 2, followed by the 
provinces where the cities are located (Column 3). The cities printed in bold are the capital of the provinces. 
Criteria for selecting the cities were based on the following considerations: first, they are the capital of 34 
provinces in Indonesia, in order to represent all regions in Indonesia; second, the economic development and 
construction industry of these cities show a significant increase; and third, population and vulnerability to earthquakes 
are quite high. 
All parameters forming the design response spectra of 60 selected cities were obtained from the Indonesian Design 
Spectrum Applications provided freely by Pusat Penelitian dan Pengembangan Perumahan dan Permukiman - Badan 
Penelitian dan Pengembangan - Kementrian Pekerjaan Umum dan Perumahan Rakyat (PUSKIM PUPR) in their 
website, http://puskim.pu.go.id/Aplikasi/desain_spektra_indonesia_2011/. 
Coordinates and Location: 
Coordinates of the 60 selected cities are shown in Table 3 in Column 4 (Latitude) and in Column 5 (Longitude), 
whereas the exact locations of the coordinates are listed in Column 6. It appears that the exact location of the 
coordinates of each city is not the city center, or a monumental landmark, or a specific city benchmark. It should be 
noted that the coordinates of those cities are subject to change without notice. The benchmark, used by Google Maps 
to determine the coordinates of each city listed in the Indonesian Design Spectrum Applications provided by Puskim, 
is unknown. 
Response Spectral Acceleration Parameters: 
For each selected city, the data of spectral response acceleration parameter for mapped MCER (Maximum 
Considered Earthquake) with 5 percent damped, at short periods (SS) and at 1-second period (S1), are shown in 
Columns 7 and 8, respectively. 
Response Spectrum of Site Class SC (Hard Soil): 
For the Site Class SC (Hard Soil) in each city, the Site Coefficients Fa and Fv are listed in Columns 9 and 10. The 
parameters of the spectral response acceleration at both MCER and Design levels, for short periods (SMS and SDS) and 
for 1-second periods (SM1 and SD1), are listed from Column 11 to Column 14. The benchmark periods, TS and T0 are 
listed in Columns 15 and 16. 
Response Spectrum of Site Class SD (Medium Soil): 
For the Site Class SD (Medium Soil) in each city, the Site Coefficients Fa and Fv are listed in Columns 17 and 18. 
The parameters of the spectral response acceleration at both MCER and Design levels, for short periods (SMS and SDS) 
and for 1-second periods (SM1 and SD1), are listed from Column 19 to Column 22. The benchmark periods, TS and T0 
are listed in Columns 23 and 24. 
Response Spectrum of  Site Class SE (Soft Soil): 
For the Site Class SE (Soft Soil) in each city, the Site Coefficients Fa and Fv are listed in Columns 25 and 26. The 
parameters of the spectral response acceleration at both MCER and Design levels, for short periods (SMS and SDS) and 
for 1-second periods (SM1 and SD1), are listed from Column 27 to Column 30. The benchmark periods, TS and T0 are 
listed in Columns 31 and 32. 
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Anomaly Indicator: 
Column 33 in Table 3 consists of indicators of which city has an anomaly, where the design response spectra of 
Site Class SE (Soft Soil) is under that of Site Class SD (Medium Soil). While Column 34 shows the indicators of the 
city has an anomaly, where the design response spectra of Site Class SE (Soft Soil) is under those of Site Class SD 
(Medium Soil) and Site Class SC (Hard Soil). 
From the 60 selected cities, there are 37 cities that experience an anomaly. 7 cities, with a condition where the 
design response spectrum of Site Class SE (Soft Soil) is under the design response spectrum of Site Class SD 
(Medium Soil), are: Depok, Kendari, Malang, Purwokerto, Serang, Solo and Weda; and 30 cities, with a condition 
where the design response spectrum of Site Class SE (Soft Soil) is under the design response spectrum of Site Class 
SD (Medium Soil) and Site Class SC (Hard Soil), are: Ambon, Banda Aceh, Bandung, Bengkulu, Biak, Bima, Bogor, 
Denpasar, Ende, Gorontalo, Jayapura, Kupang, Mamuju , Manado, Manokwari, Mataram, Nabire, Padang, Palu, 
Poso, Komodo Island, Semarang, Sofifi, Sorong, Sukabumi, Tembagapura, Ternate, Timika, Wamena and 
Yogyakarta. 
23 cities that have normal condition are: Balikpapan, Bandar Lampung, Banjarmasin, Batam, Bekasi, Bontang, 
Dumai, Fakfak, Jakarta, Jambi, Makassar, Medan, Merauke, Palangkaraya, Palembang, Pangkal Pinang, Pekanbaru, 
Pontianak, Samarinda, Surabaya, Tangerang, Tanjung Pinang and Tanjung Selor. 
4. Plots of Design Response Spectra of 60 Selected Cities 
Figure 1 through Figure 4 shows plots of Design Response Spectra of 60 selected cities, which have been 
normalized. The normalization was done in order to obtain a plot with a uniform proportional scale of the ordinate. 
This normalization is based on the highest spectral response acceleration value of the short period. The MF 
(Multiplication Factor) value on each plot is a multiplier to get back the real design response spectrum values. 
The plot with a red frame shows the city with an anomaly, where the design response spectra of Site Class SE (Soft 
Soil) is under that of Site Class SD (Medium Soil). The plot with a double red frame shows the city with an anomaly, 
where the design response spectrum of Site Class SE (Soft Soil) is under the design response spectrum of Site Class 
SD (Medium Soil) and Site Class SC (Hard Soil). 
5. Impact of Anomaly on High-rise and Mid-rise Buildings 
From the above discussion, it appears that the anomaly is actually only occurs in a short period spectral response 
acceleration (SS), so it should only affect the low-rise buildings. However, in further examination, Section 7.8.1.1 of 
the SNI 1726: 2012 requires that the Seismic Response Coefficient (CS) shall not be less than 0.044 SDS Ie, so that 
automatically anomaly in a short period response spectral also affects the magnitude of the Seismic Base Shear of 
high-rise and medium-rise buildings, which should actually be determined by the 1-second period spectral response 
acceleration (S1). 
The provision of the Minimum Seismic Base Shear and its impact in the design has been discussed in-depth in the 
papers [9], [10] and [11]. 
6. Conclusion 
From this study, we can conclude that: 
1. The anomaly occurs in the cities located in the earthquake prone areas with SS above 0.75 g. 
2. Although the anomaly only occurs in a short period response spectral, so it seems that it only affects the low-rise 
buildings, but in fact the impact can also affect the high and medium-rise buildings due to the provision of Section 
7.8.1.1 in the SNI 1726: 2012. 
3. From the 60 selected cities, 37 cities show anomalies, 7 cities have a design response spectrum of Site Class SE 
(Soft Soil) under the design response spectrum of Site Class SD (Medium Soil). 30 cities have a design response 
spectrum of Site Class SE (Soft soil) under the design response spectrum of Site Class SD (Medium Soil) and Site 
Class SC (Hard Soil). 
  
 
 
 
 
 
 
Fig. 1. Normalized Design Response Spectrum of 60 Selected Cities in Indonesia. 
 
 
 
 
Fig. 2. Normalized Design Response Spectrum of 60 Selected Cities in Indonesia. 
 
 
 
 
 
 
Fig. 3. Normalized Design Response Spectrum of 60 Selected Cities in Indonesia. 
 
 
 
 
Fig. 4. Normalized Design Response Spectrum of 60 Selected Cities in Indonesia. 
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